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Preceding publications (1, 2) have shown that a wide variety of parenchyma- 
tous tissues, including liver, pancreas,  submaxillary gland, and cortex of the 
kidney when removed from the body are not isotonic with blood, as it is usually 
assumed, or with solutions which maintain by one or several electrolytes the 
same  osmotic pressure,  for  example,  physiological salt  solution  or  Ringer's 
solution. When it has been possible to deduce from the chemical composition 
of  tissues  the  osmolar  concentration  of  osmotically active  constituents  of 
extracellular fluid, this has been found to be the same as that of plasma or its 
ultrafiltrate (Hastings, (3)) and direct observations have confirmed this deduc- 
tion (Maurer,  (4)).  As the extracellular fluid of liver occupies approximately 
17  per  cent of the volume of the  tissue  (Truax,  (5)),  the excess  of  osmotic 
pressure of liver tissue as compared with that of plasma is doubtless referable 
to the liver cells. These relations suggest that the metabolism of the cells main' 
tains  an  osmotic concentration considerably above  that of  the  surrounding 
medium so that accumulated energy is available for water transfer or perhaps 
for other functions peculiar to the cells concerned. 
Tissues removed from the living body, cut in thin slices,  and immersed in 
fluids are  doubtless  injured  by  the  changes  which  ensue  when  their  blood 
supply ceases  abruptly and  they are  subjected  to  the  mechanical injury of 
slicing.  Evidence that the secreting cells of liver, kidney, pancreas, and sub- 
maxillary gland maintain during life an osmotic homeostasis above  that of 
their environment has been assembled in a preceding publication (2). The aim 
of the present study has been to find a procedure by which the molecular con- 
centration and associated osmotic pressure can be measured under conditions 
that inhibit chemical changes within the  cytoplasm of liver cells. With this 
purpose in view liver tissue has been rapidly frozen during life and the depres- 
sion of its melting point below that of water has been compared with depression 
of the melting point of blood and of blood serum under the same conditions. 
Plotted curves depicting the progress of temperature changes in melting blood, 
blood serum, and liver have been compared, on the one hand, with one another 
and on the other hand with those showing similar changes in melting solutions 
of sodium chloride that are approximately isotonic with blood and with liver. 
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It  has  been  assumed  that  depression  of  melting  point  and  of  freezing  point 
are the same when they can be determined under corresponding conditions and 
the  results  of  the  study  are  in  accord  with  this  opinion. 
FIo. 1.  Diagram of the refrigerated chamber with the attached rubber gloves which enter 
it from lateral openings.  A compressor below the chamber, not shown in the figure,  supplies 
cooling fluid to pipes immediately below the metal lining of the chamber. The temperature is 
controlled by a thermoregulator. A window in front, 24 X  19 cm., is formed by a thermopane. 
With the hands  and arms of the operator within the gloves frozen material is ground  to a 
powder in the mortar and passed through the sieve (d) with the aid of a  spoon of appropriate 
shape. It is then transferred by the spoon from the beaker to the melting point tube through a 
removable funnel (a)  temporarily held in place above the tube and about the thermometer. 
The melting point tube  rests in a  canvas sac  (c)  with straps  by which it can be removed, 
with the thermometer and surrounding frozen material, through an opening in the roof of the 
chamber. A stainless steel plunger (b) has a loop encircling the thermometer. The chamber is 
illuminated by a  small electric bulb. 
Methods 
Melting points have been determined by the well known Beckmann apparatus, at first with 
a Beckmann thermometer of which the mercury scale measurable in hundredths  of a degree 
has been adjusted to a range between I°C. above and 4°C. below zero. The later determina- 
tions have been made with a  similar thermometer  (Heideuhain thermometer)  in which the 
range in hundredths is fixed between +1 and -5°C. The frozen material to be tested has beeu 
placed in finely divided form in a test tube (melting point tube) surrounding the thermometer. 
The diameter of this tube,  15 cm. in length, has varied from 18 to 24 mm. outside diameter. EUGENE  L. OPIE  31 
Less fluctuation of temperature has occurred when the quantity of material available has per- 
mitred use of the larger tube. The melting point tube is surrounded by a tube of greater  di- 
ameter thus providing an air jacket between. Both are placed in a  warming bath of ice and 
water with a motor driven mixer and maintained in different experiments at temperatures vary- 
ing from 0 to S°C. At the lower temperature melting proceeds more slowly  and less fluctuation 
occurs.  A  stainless steel plunger with a  ring endrcling the thermometer is used to equalize 
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FIG. 2.  Graphs to show at intervals of I  minute the progress of temperature changes in 
frozen solutions of sodium chloride, namely 0.15,  0.3,  and  0.34  molar. Lines are drawn  to 
indicate periods during which the plotted temperature pursues an approximately linear course. 
The temperature at which melting is complete is indicated near the fight margin d  the graph. 
It is noteworthy that in this and in the following figures  temperatures increase from above 
downward and measure depression of the melting point below that of water. 
the temperature of the surrounding material when melting is sufficiently advanced to permit 
its movement. The continuous slow movement of this plunger is essential. 
Solutions of sodium chloride, blood, or serum have been frozen by placing them in a porce- 
lain mortar surrounded by dry ice and ethylene glycol with precautions to prevent contact of 
the solution with carbon dioxide. Later fluids have been frozen rapidly in a refrigerated cham- 
ber  maintained  at  --25°C.  by  thermostat  control  (Fig.  1).  The frozen material  has been 
pulverized in a porcelain mortar and passed through a stainless steel strainer with meshes of 
about 1 ram. in order to remove larger particles. These manipulations have been performed, 
within the refrigerated chamber, with the operator's hands in rubber gloves entering the cham- 
ber from lateral openings.  The thermometer and  melting point tube with the plunger are 
supported  by a  small convas sack  with straps  attached  (Fig.  1)  and  are lowered into the 32  OSMOTIC  ACTIVITY  OF  LIVER  CELLS 
chamber through an opening in its roof. The powdered material is introduced into the melting 
point tube with the aid of a  detachable funnel made from thin sheet aluminum. The melting 
point tube with the frozen material and thermometer are now withdrawn from the chamber 
TABLE  I 
Depression of the Melting Point of Frozen Solutions of Sodium Chloride 
Reference No. 
0.15 
1 
2 
3 
4 
5 
6 
7 
8 
Average.. 
Temperature 
of warming 
bath 
Plotted increase  of temperature 
Linear course 
established 
I  °C.  °C.  I 
Molar  Sodium Chloride 
+5  -0.62 
5  0.82 
2  0.67 
0  0.72 
0  0.69 
0  0.72 
0  0.61 
0  0.72 
0.70 
Precipitous 
increase 
*c. 
-0.50 
0.43 
0.44 
0.46 
0.55 
0.47 
0.48 
0.47 
0.475  0.52 
0.25 Molar Sodium Chloride 
9  0  1.06  0.85 
10  0  1.20  0.87 
Average .......................  1.13  0.86  0.85 
Standard 
depression  of 
freezingl~int 
11 
12 
13 
14 
0.3  Molar Sodium Cldoride 
5  1.31 
2  1.14 
0  1.18 
0  1.16 
1.10 
0.93 
0.93 
0.88 
Average .......................  1.20  0.96  1.02 
0.34 Molar Sodium Chloride 
15  I  0  l  1.33  I  1.07  1.15 
and after temperature of the material has risen to about  -3°C.  placed in the jacket tube 
which is surrounded by the warming bath. 
I wish to thank I)r. Reginald M. Archibald, Dr. Eric Ponder, and Dr.  Theodore Shedlovsky 
for the advice they have kindly given me. 
Melting Points of Solutions of Sodium  Chloride 
Graphs  showing  the  temperature  of  frozen  solutions  of  sodium  chloride 
recorded at intervals of 1 minute during the progress of melting are shown in EUGENE L.  OPIE  33 
Fig.  2. When  in  accord with  the  method  described,  the  frozen material  sur- 
rounding the thermometer is introduced into the warming bath containing ice 
and  water,  increase  of  temperature  (reversed  in  the  graphs)  is  retarded  by 
superficial melting,  and the plotted temperature  takes at first a  curved course 
with  irregular  deviations,  but  with  further  melting,  which  allows  movement 
TABLE II 
Melting  Point  of  Frozen  Blood 
Reference No. 
Rat 
1 
2 
3 
Increase of temperature 
Temperature Of 
warming bath 
°¢. 
0 
Linear course 
began 
°c. 
--0.69 
0.75 
0.76 
Precipitous 
increase at 
°c. 
-0.53 
0.60 
0.57 
Average ........................  I  0.73  0.57 
0.61 
O. 75 
0.69 
0.82 
0.83 
0.75 
+5 
3 
0 
0 
0 
0 
Guinea pig 
1 
2 
4 
5 
6 
12 
0.50 
0.54 
0.50 
0.53 
0.56 
0.51 
Average .......................  0.74  0.52 
Cat 
1  0  0.68  0.57 
2  0  0.73  0.54 
3  0  0.76  0.56 
Average ........................  0.72  0.56 
Blood serum of guinea pig .........  0  0.77  0.50 
of the plunger within  the melting point tube and equalization of temperature, 
the  graph pursues a  linear course rising gradually.  When melting is complete 
a  precipitous rise  of temperature  occurs and  there  is no return  to the former 
level.  The  temperature  at  which  this  change begins marks  the melting point 
of the fluid.  When the warming bath  is kept by adjustment  of ice and water 
with active stirring at +2  to +5°C., temperature of the melting material rises 
rapidly and somewhat irregularly but, when with sufficient ice in distilled water 
the bath is kept at 0°C., the plotted temperature of the melting material main- 34  OSMOTIC ACTIVITY OF  LIVER CELLS 
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Fig. 3.  Graphs to show temperature  changes in frozen blood and liver of rat (No. 2 in 
Tables II and IH) when melting occurs. The temperature increased rapidly because the avail- 
able quantity of frozen material was small, the melting tube being only 18 mm. in diameter. 
Irregularities in the graph are in part referable to imperfect mixture of ice and water during 
the process of melting. 
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Fro. 4.  Graphs to show temperature changes in frozen blood and liver of guinea pig (No. 
1 in Tables II and III). The temperature of the material increased rapidly when surrounded 
by a warming bath maintained at 5°C.; the diameter of the melting point tube was 24 ram. 
tains a prolonged linear course rising slowly until the melting point is reached. 
Table I  lists the melting points of solutions of sodium chloride determined by 
the  procedure  which has  been described and  compares  the  results with  the EUGENE  L.  OPIE  35 
standard depressions of freezing point for these solutions (from International 
Critical Tables  (6)  with adjustment  to  intermediate  concentrations not re- 
corded in these tables). 
Melting Point of Blood and Blood Serum 
To obtain blood in sufficient quantity from the vessels  of the neck of rats 
and  guinea pigs  it has been  necessary to  bleed  two and  occasionally more 
animals. Blood has been frozen immediately and to obtain serum blood has been 
allowed to coagulate and has then been centrifuged. Table II gives the melting 
point of blood from rats, guinea pigs, and cats and that of serum from guinea 
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FI~. 5.  Graph to show temperature  changes  in frozen liver of guinea pig (No. 3, Table III) 
during melting. Temperature of the warming bath was 2°C. 
pigs.  The plotted course of temperature of melting blood is shown in  Figs. 
3, 4, and 6 and of blood serum in Fig. 7. The melting point of whole blood of 
animals of the three species has differed very little. Only one determination 
of the melting point of blood serum has been made. 
Melting Point of Frozen Liver 
The melting point of liver frozen during life by  means of liquid nitrogen 
has been  determined by  the  foregoing procedure.  The peritoneal  cavity of 
animals, anesthetized by sodium pentobarbital  (nembutal)  injected  into the 
peritoneal cavity or by ether inhalation, has been opened from ensiform carti- 
lage to symphysis pubis and the edges of the incision have been elevated by 
surgical artery clamps suspended from a frame above the animal. The intestines 
have been drawn to the left outside of the peritoneal cavity  as far as their 
mesentery permits.  Removal of the frozen liver has been much facilitated and 
freezing hastened by the introduction of the bowls of stainless steel spoons, two 36  OSMOTIC  ACTIVITY  Ol~  LIVER  CELLS 
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Fro. 6.  Graphs to show temperature changes in frozen liver (No. 10, Table III) and blood 
(No. 5, Table III) of guinea pig. The warming bath was maintained at approximately 0°C. 
and the quantity of frozen material contained in a  melting point tube of 24 ram. diameter 
was abundant. 
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FIG. 7.  Graphs to show temperature changes in liver (No.  11, Table III) and blood serum 
(Table II) of guinea pig. Temperature of the warming bath and quantity of frozen material 
were the same as for Fig. 6, EUGENE L.  OPIE  37 
above and  two  below,  the  organ.  Liquid nitrogen  has  been poured  into  the 
trough formed by the  opened peritoneal  cavity.  The hard  and brittle  frozen 
liver has been fragmented and excised with the aid of large surgical bone forceps, 
cooled by the liquid nitrogen, placed in a  mortar,  similarly cooled,  and trans- 
TABLE HI 
Depression of the Mdting Point of Frozen Li~er 
Reference No. 
Rat 
2 
3 
Temperature 
of warming 
bath 
°C. 
0 
0 
Plotted increase of tern ~erature 
Linear coBrse 
established 
°C. 
--1.06 
1.06 
First increase 
°C. 
--0.99 
0.99 
Final increase 
~¢ith precipitous 
elevation 
°C. 
--0.73 
0.73 
Average .......................  1.06  0.99  0.73 
--1.05 
1.15 
1.15 
1.02 
1.14 
1.17 
1.09 
1.03 
1.16 
1.05 
1.15 
1.10 
1.10 
--1.13 
1.12 
+5 
3 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Guinea pig 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
1.03 
1.07 
0.99 
1.02 
1.03 
1.06 
0.99 
1.11 
1.13 
1.06 
1.05  Average ....................... 
Cat 
1 
2 
--0.81 
0.63 
0.74 
0.85 
0.87 
0.89 
0.74 
0.77 
0.68 
0.67 
0.76 
0.73 
0.76 
-0.73 
0.74 
Average ........................  1.125  0.735 
ferred immediately  to the cold chamber. As with  other frozen material  it has 
been pulverized, passed through a  sieve and introduced into the melting point 
tube around  the appropriate  thermometer.  When the  melting point  tube,  al- 
lowed to reach a  temperature of about --3°C., is placed in the jacket tube, al- 
ready within  the warming bath,  the increase  of temperature  which follows is 
much less precipitous  than  that which occurs with  blood.  After the liver has 38  OSMOTIC ACTIVITY OF LIVER CELLS 
melted sufficiently, the plunger can be moved freely and equalizes the distribu- 
tion of ice particles about the thermometer. The plotted temperature now tends 
to assume a linear course. When the temperature of the warming bath is held 
at -k2°C. (Fig. 5) or at 4-5°C. or the quantity of material about the thermom- 
eter is small (Fig. 3),  the temperature of the melting liver rises rapidly with 
more or less irregularity and quickly reaches the point at which with complete 
melting precipitous elevation of temperature occurs. When, however, the warm- 
ing bath is kept with ice and water at 0°C. and liver is in sufficient quantity to 
surround the bulb of the thermometer in a  melting point tube 24 mm. in di- 
ameter,  the plotted temperature of the melting liver pursues a  well defined 
course (Figs. 6 and 7). It first establishes temporarily a linear course at a level 
much lower than that of blood or blood serum and then rises to a higher level. 
It proceeds in a direction approximately parallel to its former course. Repeti- 
tion of this change gives to the plotted graph a  step-like form ended by the 
sudden rise which occurs when melting is complete. The temperature of blood 
or of blood serum under the same conditions maintains a linear course uninter- 
ruptedly during a  prolonged period preceding the sudden rise of completed 
melting. 
Most of the experiments have been made with liver of guinea pig (Table III). 
In the plotted graphs a  linear course begins at approximately --1.10°C.  and 
under approximate conditions is continued with step-like progress until melting 
is complete at -0.76°C. The corresponding figures for rat and cat differ little 
from those of the guinea pig. The step-like progress of melting of liver of the 
rat is evident in Fig. 3. 
RECAPIT~rLATION AND DISCUSSION 
Depression of the freezing point of blood and tissues was first investigated 
by Sabbatani (7) more than half a century ago. The figures he obtained using 
material from the dog were as follows: blood, 0.570C.,  brain, 0.65 °, muscle, 
0.68 °,  liver,  0.97 °,  kidney, 0.94  °,  and  spleen,  0.7 °.  Similar figures were  ob- 
tained by Collip (8) who determined the freezing point of the blood of a number 
of vertebrate species and of the brain, muscle, liver, kidney, and spleen of the 
dog. Later the freezing point of tissues attracted little attention until Le6vey 
and Kerpel-Fronius (9, 10) found evidence which indicated that the depression 
of the freezing point of brain, both gray and white substance, of muscle and of 
blood was increased when uremic coma was produced in dogs by ligation of the 
ureters. GSmori and Moln~r (11) found the freezing point of brain, liver, and 
and muscle of rabbits little greater than that of blood when rabbits that re- 
ceived no food were given distilled water by stomach in great quantity until 
coma ensued but  G6mori and Frenreisz (12)  claim to have found much in- 
creased depression of the freezing point of brain and of muscle when dehydra- 
tion followed experimental occlusion of the pylorus in cats. EUGENE L. o~,m  39 
Wirz, Hargitay, and Kuhn (13)  devised a  method for determining micro- 
scopically in frozen section the melting point of urine within the lumina of 
tubules of the kidney and found that it had in tubules of the cortex the same 
melting point as blood. Depression of the freezing point of intratubular urine 
increased,  they found,  with  increasing  distance  from  the  corticomedullary 
border to the papilla. Their studies give no information about the melting point 
of kidney tissue. 
Conway and McCormack (14)  using thermocouples, one in ice  and water 
and the other in the material under examination, made observations concerning 
the freezing points of liver and of muscle of the diaphragm. The tissue removed 
from guinea pig or rat was frozen by means of liquid oxygen and ground to a 
powder. It was then mixed at 0°C. with an equal volume of 0.95 per cent sodium 
chloride containing ~¢/500 azide and M/500 monoiodoacetate, added with the 
purpose of "inhibiting or delaying the increase in concentration of metabolites 
after grinding." A tube with about 1 cc. of the material and surrounded by a 
small container was placed in a bath maintained at -  1.5 to 1.7°C. The average 
depression of the freezing point of blood serum was 0.55°C., of diaphragm 0.61 °, 
of kidney 0.56 °  , and liver 0.55 °  . The figures obtained for tissues were in most 
instances  greater  than  those for blood serum  and  increased  with  the  time 
during which the tissue suspension was kept at 0°C., but as the authors state, 
"extrapolation  to  zero  time yielded values  identical  with  that  of  serum." 
Conway and McCormack based their conclusions on tissues which had under- 
gone  preliminary freezing and  thawing and  apparently  attached  little  sig- 
nificance to the changes accompanying the addition of 0.95  per cent sodium 
chloride to the mixture. 
To obtain information about the osmotically active molecular concentration 
within the cytoplasm of liver cells during life the attempt has been made in the 
present study to stabilize by rapid freezing the chemical composition of the 
tissue and to measure the depression of its melting point below that of water. 
Experiments  undertaken  to  determine  the  isotonicity of  slices  of  liver  by 
immersing them as soon as possible in sodium chloride solutions of known 
osmotic activity subjects some cells  to injuries which are avoided when the 
tissue is frozen and its melting point measured. The results obtained have been 
compared with the melting points of blood, of blood serum, and of the sodium 
chloride solutions used  in  the  immersion experiments.  These  melting point 
determinations are  in  accord  with  the  immersion experiments and  indicate 
that the osmotic pressure within the cytoplasm of the liver cells is considerably 
greater than that of blood or of blood serum and reaches a level approximately 
equal to that of a sodium chloride solution isotonic with slices of liver removed 
from the body (1, 2). 
Under appropriate conditions, dependent upon the difference in temperature 
between melting point and warming bath, the quantity of material used  and 40  OSMOTIC  ACTIVITY  OF  LIVER  CELLS 
adequate stirring,  the plotted temperature of melting blood (Fig. 6) or of blood 
serum (Fig. 7) takes a linear course and maintains it with a gradual rise during 
a  considerable period preceding the precipitous elevation which occurs when 
melting is complete. The plotted temperature of melting liver under the same 
conditions becomes linear at a level much below that of blood or of blood serum 
(Figs.  6 and  7) but after a  short time rises to a  somewhat higher level and 
again  takes  a  linear  course  approximately  paralleled  with  that  preceding. 
Repetition of this procedure gives to the plotted graph of melting liver a step- 
like form until with precipitous rise of temperature melting is evidently com- 
plete. This precipitous rise begins at a  temperature well above that recorded 
for blood or for blood serum. 
Interrupted  retardation  of the rise  of temperature  of melting  liver tissue 
is perhaps explainable  by the assumption that liver contains substances which 
melt at different temperatures. In the liver of guinea pig the greatest depression 
of melting  is apparently  caused by a  substance or substances of which the 
frozen solution melts at approximately -1.11°C. (Table III) whereas the dis- 
solved  substances  which  induce  least  depression  of  melting  point  melt 
at --0.76°C. Other substances or groups of substances may induce melting at 
intermediate levels. 
Little information is available concerning  the nature of substances capable 
of depressing  the melting point of liver below that of blood. Observations of 
Gamble, Ross, and Tisdale, (15) and others indicate that the total concentra- 
tion of fixed bases, sodium chiefly in the water of plasma and potassium, chiefly 
in water of muscle, are approximately the same in muscle and in blood serum 
and studies of Fenn (16) and his associates support this opinion.  The greater 
molecular concentration  of liver,  indicated by its freezing  point and its iso- 
tonicity with sodium chloride  solutions,  is presumably caused by the presence 
of  organic  substances  associated  with  intracellular  metabolism.  The  con- 
spicuous increase  of molecular concentration which accompanies autolysis of 
liver (1) supports this suggestion. 
SUMMARY  AND  CONCLUSIONS 
Depression of the melting point of liver tissue rapidly frozen by liquid nitro- 
gen during life provides a means by which the molecular concentration within 
liver cells may be compared with that  of solutions of sodium  chloride  or of 
blood or of blood serum. 
The rising temperature of frozen blood of guinea pig under the conditions of 
these experiments is retarded  when melting  occurs,  pursues when plotted a 
prolonged  linear  course,  and  finally  rises  precipitously  at  -0.54°C.  when 
melting is complete. With the melting of blood serum of guinea pig and of blood 
of cat and of rat, the temperature takes approximately the same course. The 
temperature changes are nearly the same as those of a frozen solution of sodium 
chloride  isotonic  with blood serum. EUGENE  L. OPIE  41 
The temperature changes of frozen liver assumes when plotted a linear course 
at  about  -1.1°C.,  increases at intervals with step-like progress and finally 
rises precipitiously at -0.76°C. The temperature changes in melting liver of cat 
and of rat are similar. The melting of liver begins at a level which approximates 
that of a solution of sodium chloride isotonic with it. 
The step-like course of temperature changes which occur during the melting 
of frozen liver are  best  explained by the assumption that  the  ceils  contain 
substances which successively and temporarily retard the rise of temperature. 
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